Soybean [Glycine max (L.) Merr.] genotypes are known to differ in their chlorimuron ethyl sensitivity (CS). These differences are believed to be controlled by a few major genes. However, the genes controlling CS are probably not the same for all soybean genotypes. Information on the number of genes and their genomlc location can be determined by molecular mapping of CS. A restriction fragment length polymorphism (RFLP) map was constructed from a soybean population of 111 F 2 -derived lines of a PI 97100 x Coker 237 cross. The purpose of this study was to Identify and map the loci controlling CS in soybean. The F 3 -derlved lines were grown at Athens, Georgia, and Blackville, South Carolina, in 1995, treated with chlorimuron ethyl, and scored for CS. The genetic map, involving 162 marker loci, covered about 1600 cM, with an average distance of 10.7 cM between two adjacent marker loci. In this population CS was conditioned by one major locus on the USDA linkage group (LG) E and one minor locus on an unknown linkage group at both locations as well as combined over locations. The most probable genomic location of the major locus was 2.8 cM from the RFLP locus cr168-1 on LG E. This locus explained as much as 88% of the variation in CS, whereas the minor locus explained about 11% of the variation. Thus, we have identified and located the single major locus along with a previously unknown minor locus for CS in soybean.
Chlorimuron ethyl (2-[[[[(4-chloro-6 -methoxy-2-pyrimidinyl)amino]carbonyl]amino]sulphonyl]benzoic acid), trade name Classic®, was introduced in 1984 as a herbicide for soybean (Beyer et al. 1988) . Chlorimuron ethyl belongs to a group of herbicides called sulphonylurea (SU). The high herbicidal activity and low mammalian toxicity make these herbicides highly attractive for weed control. However, very few SU herbicides can be used to their full potential for weed control in soybean because of crop sensitivity.
Soybean genotypes are known to differ in their sensitivity to chlorimuron ethyl (Lloyd and Wax 1984) . Sebastian and Chaleff (1987) identified several soybean mutants from a mutation breeding program with increased tolerance to SU herbicides. Genetic analysis of these mutants revealed that the tolerance was conditioned by a different single recessive gene in each mutant. Sebastian et al. (1989) reported that the resistance of a newly derived mutant soybean to SU was monogenic, semidominant, and not allelic to any of the previously identified recessive genes (/is/, hs2, or hsJ). The resistant allele found in this mutant was designated as Alsl and the corresponding sensitive wild-type allele as alsl. Pomeranke and Nickell (1988) concluded that the CS of two soybean genotypes , when grown in hydroponics, was conferred by a single recessive gene. They, however, did not determine if the gene for sensitivity in BSR 101 was the same as that in M74-462. They also reported that BSR 101 showed only average levels of CS in the field when six times the recommended label rate of chlorimuron was applied.
It is possible that the genes conditioning CS in different soybean lines are unique. From classic genetic studies it is not known whether there are any minor genes involved with CS in soybean. Molecular mapping of a soybean population derived from parents differing in CS would provide information on (1) the number of loci conditioning CS, (2) the probable genomic location of the loci involved, (3) the proportional effect of each locus on CS, and (4) the parental contribution of the favorable allele at each locus.
In field experiments to evaluate ^-derived lines from the cross of PI 97100 x Coker 237 for tolerances to soybean cyst nematode (Heterodera glycines Ichinohe), the experimental areas were treated with chlorimuron ethyl for weed control. PI 97100 was found to be highly sensitive to the labeled rate of chlorimuron ethyl under field conditions (Boerma HR, unpublished data). The objectives of this research were to identify and map loci associated with CS in this population.
Materials and Methods
One hundred and eleven F 2 -derived lines from a cross of PI 97100 x Coker 237 were used to create a genetic linkage map and to evaluate CS. PI 97100 was classified as sensitive to chlorimuron ethyl and Coker 237 was classified as tolerant ( Table 1) . The procedures for constructing the genetic map have been described in Lee et al. (1996) . Two experiments were conducted in 1995, one near Athens, Georgia (University of Georgia Plant Sciences Farm) and one near Blackville, South Carolina (Clemson University Edisto Research and Education Center). To minimize experimental error due to soil heterogeneity within each experimental site, the 111 lines were randomly divided into three groups. Lines in each of the three groups were grown in three separate tests along with PI 97100, Coker 237, and Stonewall. The experimental design consisted of four replications of an incomplete block design with blocks in replications. The experiments were planted May 22, 1995, at Athens, and May 24, 1995, at Blackville. The individual plots at Athens were 1.52 m wide, 3.66 m long, with two rows, and the soil type was clayey, caolinitic, thermic, typlc Hapludults. The plots at Blackville were 1.92 m wide, 3.05 m long, with two rows, and the soil type was loamy, siliceous, thermic Arenic Plinthic Kandiudult.
The experimental area at Athens was treated with trifluralin (a,a,a-trifluoro-2,6- The herbicide Canopy* was the formulation for chlorimuron ethyl and metribuzin that was applied at Blackville, while the herbicide Classic* was the formulation for chlorimuron ethyl applied at Athens.
A fumigant nematicide (ethylene dibromide, 53.8 kg a.i./ha at Athens; and 1,3-dichloropropene, 74.4 kg a.i./ha at Blackville) was applied prior to planting for control of soybean cyst nematode. In addition, a liquid nematicide, phenamiphos [ethyl 3-methyl-4-(methylthio)phenyl(lmethylethyl)phosphoramidates, 5.7 to 7.7 kg a.i./ha] was applied on the soil surface at both locations at the R2 stage of soybean development (Fehr and Caviness 1977) .
At 8 days after chlorimuron ethyl application at Athens and 42 days after planting at Blackville, the plants in each plot were visually rated for herbicide injury on a scale of 1 to 10 (Table 2) . At the V14 growth stage (Fehr and Caviness 1977) , plant height was measured on the 30 most tolerant and 28 most sensitive lines. Phenotypic data were statistically analyzed. Replications, lines, and locations were considered random effects in the combined analysis of variance over locations.
The association between RFLP markers and loci controlling CS was evaluated by two different procedures. The first method was interval mapping (Lander and Botstein 1989) with MAPMAKER/QTL software (Lincoln et al. 1992) . A LOD score of 3.0 was chosen as a minimum to detect the presence of a locus at a given genomic region. The LOD score peak was used to estimate the most likely locus position on the RFLP linkage map. The percent variation explained by an individual locus, and the additive (a) and dominant (d) effects were estimated at the maximum likelihood locus position. The average degree of dominance for each locus was calculated as the d:a ratio. The second method was single-factor analysis of variance (ANOVA) to determine the significance of CS scores among RFLP genotypic class means using an F test from the type UJ means squares obtained from GLM procedures of SAS (SAS Institute, Cary, North Carolina).
Results and Discussion
One hundred and sixty-two polymorphic markers were used to construct the genetic map of this soybean population. Among the 162 markers, 147 were codominant. The map covered approximately 1600 cM with 150 markers converging into 23 linkage groups. The average distance between two adjacent marker loci was about 10.7 cM. Twelve markers remained genetically unlinked.
At individual locations and combined over locations, the genotypes differed in CS (Table 1 ). The CS scores were consistent across locations. Across locations, PI 97100 averaged a score of 7.2 compared to 2.6 for Coker 237. The F 2 -derived lines exhibited significant (P < .05) transgressive segregation at Athens, but not at Blackville. Our ability to identify an F 2 -derived line with greater CS than PI 97100 at Athens but not at Blackville may be due to increased precision at Athens (CV = 14.5%) compared with Blackville (CV = 29.7%). The plants at Athens were scored 8 days after application of the herbicide, compared to 42 days at Blackville. Also, the F 2 -derlved lines at Blackville could have been differentially affected by metribuzin. Differential response of soybean genotypes to metribuzin has been previously reported (Hardcastle 1974; Stanton and Frans 1971) . Therefore, the CS score from Blackville might have been confounded with injury from metribuzin.
Interval mapping analysis (using a LOD score minimum of 3.0) identified a single major locus on USDA LG E (Shoemaker and Specht 1995) at both locations and in combined analysis (Table 3) . The most likely position of the locus was 2.8 cM from crl68-l toward cr274-l in all cases. • USDA linkage group (Shoemaker and Specht 1995) .
• Most likely locus position, corresponding to LOD score peak, which represents the distance from right marker of Interval. ' Genetic effects were estimated using MapMaker/QTL A negative sign Indicates that the Coker 237 allele decreased the value of the trait. ' LOD Indicates how much more probable the data are to have arisen assuming the presence of a locus than assuming Its absence; LOD threshold -3.0.
The single-factor ANOVA based on combined data across locations identified six markers on two linkage groups associated with CS (Table 4 and Figure 1 ). The marker locus cr!68-l on LG E explained most of the variation in CS (83% and 63%) at individual locations as well as in combined analysis (82%). The PI 97100 allele contributed to a higher CS score at this locus. Based on Athens data the F 2 -derived lines were classified into three groups: (1) homozygous tolerant lines (CS score < 3.7, the CS score of Coker 237 plus LSD 005 ); (2) homozygous sensitive lines (CS score > 6.8, the CS score of PI 97100 minus LSD 005 ); and (3) segregating lines (3.7 £ CS score =s 6.8). This classification of CS resulted in 30 homozygous tolerant, 53 segregating, and 28 homozygous sensitive lines. Chi-square analysis of the data from Athens showed a good fit to a 1:2:1 monogenic ratio (x 2 = 0.30, .75 < P < .90), indicating the presence of a major gene for CS in the population. Separation into the three classes was not possible at Blackville.
Evaluation of the RFLP alleles at locus crl68-l showed that all of the 30 lines identified as homozygous sensitive by CS scoring were also homozygous for the PI 97100 allele at this locus, except for the four lines with missing RFLP data. Similarly, 25 of the 28 lines classified as homozygous tolerant to CS were homozygous for the Coker 237 allele at this locus. Three of the lines classified as homozygous tolerant based on CS score were heterozygous at crl68-l. Thus, the crl68-l RFLP locus appears tightly linked to a major genomic locus conditioning CS.
The homozygous tolerant lines averaged about 20% taller (P < .001) than the homozygous sensitive lines at both locations. The effect of chlorimuron ethyl on plant height at the late vegetative stage of development (V14) demonstrates the effect of CS on soybean growth and development.
Interval mapping detected a second locus on unknown linkage group 2 (Unk2) (its location on the USDA map is unknown) for Athens and for combined data but not for Blackville (Table 3) . However, the likely locus position was beyond the boundary of the linkage group. The maximum LOD scores found for this locus within the interval were 3.4 and 3.3 for Athens and the combined data, respectively. A LOD score minimum of 2.4 would have detected this locus for Blackville. The singlefactor ANOVA, however, detected this locus for both locations as well as for the combined data, and explained 7-10% of the variation in CS (Table 4) . At this RFLP locus, the Coker 237 allele contributed to higher CS.
A third minor locus on USDA LG L was also detected by both interval mapping and single-factor ANOVA for Blackville, but not for Athens or for the combined data (Tables 3 and 4 , and Figure 1 ). The likely locus position was also beyond the boundary of this linkage group, and the LOD score maximum within the interval was 3.1.
A single major locus for CS on LG E and a minor locus on Unk2 were consistent across locations. The locus on LG L was •The allellc means within parentheses are from Blackville. * USDA linkage group (Shoemaker and Specht 1995) .
• Probability levels for combined analysis and Individual locations were P < .01 and P < .05, respectively. 'Score: 1 (no damage) to 10 (plant death).
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Reference, found only for Blackville, and we believe that this locus is probably involved with metribuzin sensitivity rather than CS. Metribuzin sensitivity of soybean is known to be conditioned by a single recessive gene designated hm (Edwards et al. 1976; Hanson 1984) . However, we think the locus we have detected here is not the Hm locus, because the presence of hm would have resulted in plant death in sensitive F 2 -derived lines with the amount of metribuzin applied in the field. Kilen and Barrentlne (1983) reported a close linkage between the Hm locus and the Rpsl locus for phytophthora rot resistance. Diers et al. (1992) mapped the Rpsl locus to soybean LG K, which was recently redesignated as LG N (Shoemaker and Specht 1995) . These two reports support our position that the minor locus found on LG L for metribuzin sensitivity is different from the Hm locus.
Further experiments are needed to verify our hypothesis.
In summary, our data support the existence of a single major gene conditioning CS, as suggested by Pomeranke and Nickell (1988) . This gene is likely located close to the RFLP locus crl68-l on LG E. However, we were also able to detect an additional locus on Unk2 with a minor contribution to CS of soybean that was not identified by classical genetic studies (Pomeranke and Nickell 1988) . The presence of this locus with an allele for increased CS from Coker 237 explains the transgressive segregation for greater CS observed at Athens. The results from this study increase our understanding of the genetics of CS in soybean and will allow soybean breeders to develop soybean cultivars with improved resistance toCS.
